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An  imaging  dynodes  arrangement  (24)  for  an  electron 
multiplier,  which  comprises  a  first  and  a  second  imaging 
dynode  (26a,  26b)  each  having  a  dynode  cone  (28)  with  a 
cone  tip  (30)  and  a  cone  base  (32),  said  dynode  cones  (28) 
being  connected  with  each  other  such  that  they  form  free 
cavities  (34)  therebetween.  There  are  extensions  or  needle- 
shaped  extraction  points  (36)  arranged  on  the  cone  tips  (30) 
at  least  of  the  dynode  cones  (28)  of  the  second  imaging 
dynode  (26b).  The  second  imaging  dynode  (26b)  is  mounted 
beneath  the  first  imaging  dynode  (26a)  in  a  staggered  fash- 
ion  such  that  the  cone  tips  (30)  of  the  dynode  cones  (28)  of 
the  second  imaging  dynode  (26b)  are  seated  beneath  the 
cavities  (34)  of  the  first  imaging  dynode  (26a),  thereby  di- 
recting  the  needie-shaped  extraction  points  (36)  towards  the 
cavities  (34).  In  a  preferred  embodiment,  the  needle-shaped 
extraction  points  (36)  protrude  right  into  the  cavities  (34). 
The  arrangement  (24)  may  preferably  be  used  in  electron 
multipliers  designed  for  nuclear  medicine. 



BACKGROUND  OF  THE  INVENTION 

1.  F ie ld   of  the  I n v e n t i o n  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  an  imaging  dynodes  arrangement   f o r  

an  e l e c t r o n   m u l t i p l i e r .   In  p a r t i c u l a r ,   i t   r e l a t e s   to  an  imaging  

dynodes  a r rangement   which  can  be  u t i l i z e d  i n   a  s ing le   t u b e  

s c i n t i l l a t i o n   gamma  c a m e r a .  

2.  D e s c r i p t i o n   of  the  P r io r   A r t  

An  imaging  dynodes  a r rangement   for  an  e l e c t r o n   m u l t i p l i e r   which 

comprises   at  l e a s t   a  f i r s t   and  a  second  imaging  dynodes,  h a v i n g  

dynode  cones  with  a  dynode  t ip   and  a  dynode  base,  is  for  example  

d e s c r i b e d   in  the  brochure   "Nuc leon ics   Data"  pages  1-22,  i ssued  by 

Johns ton   L a b o r a t o r i e s ,   C o c k e y s v i l l e ,   Maryland  21030  under  the  number 

JLI-605.   As  can  p a r t i c u l a r l y   be  seen  from  page  3  of  t h i s   b r o c h u r e ,  

the  f i r s t   and  second  imaging  dynodes  are  a r ranged  p a r a l l e l   to  each  

other   in  s t a g g e r e d   p o s i t i o n s   such  tha t   the  cone  t i p s   of  the  dynode 

cones  of  the  second  imaging  dynodes  are  always  in  a  p o s i t i o n   b e n e a t h  

the  f r ee   c a v i t i e s   between  ne ighbor ing   dynode  cones  of  the  f i r s t  

i m a g i n g   dynode.  F u r t h e r m o r e ,   each  f i r s t   and  second  imaging  dynodes  

are  s e p a r a t e d   from  each  o the r   by  a  mesh  of  guard  p l a t e s .   Such  a  

p r i o r   ar t   imaging  dynodes  a r rangement   has  a  considerable 9. non-on form charge 

spread  and  the  dynodes  have  a  r e l a t i v e l y   low  g a i n .  



SUMMARY  OF  THE  INVENTION 

1.  O b j e c t s  

It   is  an  o b j e c t   of  t h i s   i n v e n t i o n   to  provide  an  improved  imaging  

'  dynodes  a r rangement   which  has  a  u n i f o r m  c h a r g e   spread  and  i n  

which  the  dynodes  have  an  optimum  high  g a i n .  

I t   is   a n o t h e r   o b j e c t   of  t h i s   i n v e n t i o n   to  provide   a  s i n g l e   t u b e  

s c i n t i l l a t i o n   gamma  camera  with  an  imaging  dynodes  a r r a n g e m e n t ,  
which  has  the  a f o r e m e n t i o n e d   improved  c h a r a c t e r i s t i c s .  

2.  Sunmary 

According  to  t h i s   i n v e n t i o n   an  imaging  dynodes  arrangement   i s  

p rov ided   which  c o m p r i s e s  

a)  a  f i r s t   imaging  dynode  having  dynode  cones  with  a  cone  t i p  

and  a  cone  base,   sa id   dynode  cones  being  connected  with  each  

o the r   such  t h a t   they  form  f ree   c a v i t i e s   t h e r e b e t w e e n ;  

b)  a  second  imaging  dynode  having  dynode  cones  with  a  cone  t i p  

and  a  cone  base,   sa id   dynode  cones  being  connected  with  each  

o ther   such  t ha t   they  form  f ree   c a v i t i e s   t he rebe tween ;   and 

c)  n e e d l e - s h a p e d   e x t r a c t i o n   p o i n t s   a r ranged  at  the  cone  t i p s  

of  at  l e a s t   the  dynode  cones  of  the  second  imaging  dynode;  

wherein  the  second  imaging  dynode  is  mounted  beneath  the  f i r s t  

imaging  dynode  in  a  s t a g g e r e d   p o s i t i o n   such  tha t   the  cone  t i p s   o f  

the  dynode  cones  of  the  second  imaging  dynode  are  sea ted   beneath  t h e  



c a v i t i e s   of  the  f i r s t   imaging  dynode,  d i r e c t i n g   the  n e e d l e - s h a p e d  
e x t r a c t i o n   p o i n t s   c l o s e l y   to  the  c a v i t i e s .  

In  c o n t r a s t   to  the  p r i o r   a r t   accord ing   to  t h i s   i n v e n t i o n   at  l e a s t  

the  dynode  cones  of  the  second  imaging  dynode  comprise  n e e d l e - s h a p e d  
e x t r a c t i o n   p o i n t s   t ha t   are  sea ted   c lose   to  the  f ree   c a v i t i e s   be tween  
the  dynode  cones  of  the  f i r s t   imaging  dynode.  This  p rov ides   a  

r e l a t i v e l y   high  e l e c t r i c   f i e l d   to  aid  secdndary  e l e c t r o n   e x t r a c t i o n  

from  one  imaging  dynode  ( i . e .   the  f i r s t   imaging  dynode)  to  the  n e x t  

one  ( i . e .   the  second  imaging  dynode).   The  e l e c t r o n   t r a n s f e r   i s  

g r e a t l y   enhanced.   Fu r the rmore ,   the  charge  spread  is  u n i f o r m   and 

the  dynodes  have  a  high  g a i n .  

In  a  p r e f e r r e d   embodiment  of  the  i n v e n t i o n   the  needle  s h a p e d  

e x t r a c t i o n   po in t s   of  the  second  imaging  dynode  p ro t rude   in to   t h e  

c a v i t i e s   of  the  f i r s t   imaging  dynode .  

F u r t h e r ,   accord ing   to  t h i s   i n v e n t i o n   a  p h o t o m u l t i p l i e r   tube  i s  

provided  which  c o m p r i s e s :  

a)  a  p h o t o c a t h o d e ;  

b)  an  anode;  and  

c)  an  imaging  dynodes  a r rangement   between  the  pho toca thode   and 

the  anode  i n c l u d i n g  

cl)   a  f i r s t   imaging  dynode  having  dynode  cones  with  a  cone  

t ip   and  a  cone  base,   said  dynode  cones  being  connected  w i t h  

each  o the r   such  tha t   they  form  f ree   c a v i t i e s   t h e r e b e t w e e n ;  

c2)  a  second  imaging  dynode  having  dynode  cones  with  a 



cone  t ip   and  a  cone  base,   said  dynode  cones  being  c o n n e c t e d  

with  each  o ther   such  tha t   they  form  free  c a v i t i e s  

t h e r e b e t w e e n ;   a n d  

c3)  n e e d l e - s h a p e d   e x t r a c t i o n  p o i n t s   arranged  at  the  cone 

t i p s   of  at  l e a s t   the  dynode  cones  of  the  second  imaging 

dynode ;  

wherein  the  second  imaging  dynode  is  mounted  beneath  the  f i r s t  

imaging  dynode  in  a  s t agge red   p o s i t i o n   such  that   the  cone  t i p s  

of  the  dynode  cones  of  the  second  imaging  dynode  are  s e a t e d  

beneath  the  c a v i t i e s   of  the  f i r s t   imaging  dynode  d i r e c t i n g   t h e  

n e e d l e - s h a p e d   e x t r a c t i o n   po in t s   c l o s e l y   to  the  c a v i t i e s .  

Also,  a cco rd ing   to  t h i s   i n v e n t i o n   a  s c i n t i l l a t i o n   camera  is  p r o v i d e d  

which  c o m p r i s e s :  

a)  a  s c i n t i l l a t i o n   c r y s t a l ;  

b)  a  number  of  p h o t o m u l t i p l i e r   tubes  mounted  behind  t h e  

s c i n t i l l a t i o n   c r y s t a l ,   wherein  each  p h o t o m u l t i p l i e r   tube  h a v i n g  

bl)  a  p h o t o c a t h o d e ;  

b2)  an  anode;  and  

b3)  an  imaging  dynodes  ar rangement   between  t h e  

p h o t o c a t h o d e   and  the  anode  i n c l u d i n g  

b3l)  a  f i r s t   imaging  dynode  having  dynode  cones  w i t h  

a  cone  t ip   and  a  cone  base,   said  dynode  cones  b e i n g  

connec ted   with  each  o the r   such  tha t   they  form  f r e e  



c a v i t i e s   t h e r e b e t w e e n ;  

b32)  a  second  imaging  dynode  having  dynode  cones  w i t h  

a  cone  t ip   and  a  cone  base,   said  dynode  cones  be ing  

connec ted   with  each  o ther   such  tha t   they  form  f r e e  

c a v i t i e s   t he r ebe tween ;   and 

b33)  n e e d l e - s h a p e d   e x t r a c t i o n   po in t s   arranged  at  t h e  

cone  t i p s   of  at  l e a s t   the  dynode  cones  of  the  second 

imaging  dynode ;  

wherein  the  second  imaging  dynode  is  mounted  beneath  the  f i r s t  

imaging  dynode  in  a  s t a g g e r e d   p o s i t i o n   such  tha t   the  cone  t i p s  

of  the  dynode  cones  of  the  second  imaging  dynode  are  s e a t e d  

beneath  the  c a v i t i e s   of  the  f i r s t   imaging  dynode  d i r e c t i n g   t h e  

n e e d l e - s h a p e d   e x t r a c t i o n   po in t s   c l o s e l y   to  the  c a v i t i e s .  

F i n a l l y ,   accord ing   to  t h i s   i n v e n t i o n   also  a  s i n g l e   tube  gamma  camera 

is  p rov ided   which  c o m p r i s e s  

a)  a  s c i n t i l l a t i o n   c r y s t a l ;  

b)  a  pho toca thode   a s s o c i a t e d   with  the  s c i n t i l l a t i o n   c r y s t a l ;  

c)  an  anode;  and  

d)  an  imaging  dynodes  a r rangement   between  the  photocathode   and 

the  anode  i n c l u d i n g  

dl)  a  f i r s t   imaging  dynode  having  dynode  cones  with  a  cone 

t ip   and  a  cone  base,   said  dynode  cones  being  connected  w i t h  

each  o ther   such  tha t   they  form  f ree   c a v i t i e s   t h e r e b e t w e e n ;  



d2)  a  second  imaging  dynode  having  dynode  cones  with  a 

cone  t ip   and  a  cone  base,   said  dynode  cones  being  connec t ed  

with  each  o the r   such  tha t   they  form  f ree   c a v i t i e s  

t h e r e b e t w e e n ;   and  

d3)  n e e d l e - s h a p e d   e x t r a c t i o n   po in t s   a r ranged   at  the  cone  

t i p s   of  at  l e a s t   the  dynode  cones  of  the  second  imaging  

dynode ;  

wherein  the  second  imaging  dynode  is  mounted  beneath  the  f i r s t  

imaging  dynode  in  a  s t agge red   p o s i t i o n   such  t h a t   the  cone  t i p s  

of  the  dynode  cones  of  the  second  imaging  dynode  are  s e a t e d  

beneath   the  c a v i t i e s   of  the  f i r s t   imaging  dynode,  d i r e c t i n g   t h e  

n e e d l e - s h a p e d   e x t r a c t i o n   po in t s   c l o s e l y   to  the  c a v i t i e s .  

The  f o r ego ing   and  o the r   o b j e c t s ,   f e a t u r e s   and  advantages   of  t h e  

i n v e n t i o n   w i l l   be  apparen t   from  the  fo l lowing   more  p a r t i c u l a r  

d e s c r i p t i o n   of  p r e f e r r e d   embodiments  of  the  i n v e n t i o n ,   a s  

i l l u s t r a t e d   in  the  accompanying  d r a w i n g s .  



BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

In  the  d r a w i n g s :  

Fig.  1  is  a  cross   s e c t i o n   of  a  p h o t o m u l t i p l i e r   tube  compris ing  an  

imaging  dynodes  a r rangement   accord ing   to  the  i n v e n t i o n ;  

Fig.  2  is  a  cross   s e c t i o n   of  a  camera  head  of  a  gamma  s c i n t i l l a t i o n  

camera  compr is ing   a  number  of  p h o t o m u l t i p l i e r   tubes  according  t o  

Fig.  1;  

Fig.  3  is  a  schemat ic   diagram  of  a  f i r s t   embodiment  of  an  imaging  

dynodes  a r rangement   accord ing   to  the  i n v e n t i o n ;  

Fig.  4  is  a  schemat ic   diagram  of  a  second  embodiment  of  an  imaging  

dynodes  a r rangement   accord ing   to  the  i n v e n t i o n ;  

Fig.  5  is  a  schemat ic   diagram  of  a  t h i r d   embodiment  of  an  imaging  

dynodes  a r rangement   accord ing   to  the  i n v e n t i o n ;  

Fig.  6  is  a  top  view  of  an  imaging  dynodes  ar rangement   according  t o  

Fig.  3;  and  

Fig.  7  is  a  c ross   s e c t i o n   o f  a   s i ng l e   tube  s c i n t i l l a t i o n   gamma 

camera  which  compr ises   an  imaging  dynodes  ar rangement   according   t o  

the  i n v e n t i o n .  



DETAILED  DESCRIPTION  OF  THE  PREFERRED  EMBODIMENT 

Fig.  1  i l l u s t r a t e s   a  p h o t o m u l t i p l i e r   tube  10  having  a  glass   enve lope  
12  ( e . g . ,   K o v a r - s e a l i n g   g las s   e n v e l o p e ) .   The  g lass   envelope  12 

compr ises   an  o p t i c a l   window  14  for   o p t i c a l   photons  g e n e r a l l y  

d e s i g n a t e d   by  OP.  The  inner   s u r f a c e   of  the  o p t i c a l   window  14  b e a r s  

a  pho toca thode   16  (e.g. K2C5 ≤ b with  p r e - e v a p o r a t e d   l aye r   of  Sb).  Ins ide   t h e  

g l a s s   envelope   12  is  a lso   a r r anged ,   e . g . ,   by  means  of  i n s u l a t o r  

e lements   18,  a  p o s i t i o n / c e n t r o i d - d e t e r m i n i n g   anode  20 .  

Fu r the rmore ,   in  the  g l a s s   envelope  12  between  photoca thode   16  and  

a n o d e  2 0  t h e r e   is  a lso  mounted,  e . g . ,   by  means  of  i n s u l a t o r   s t a c k i n g  

e lements   22,  an  imaging  dynodes  a r rangement   24  according   to  t h e  

i n v e n t i o n .  

The  imaging  dynodes  a r rangement   24  comprises   a  number  n  ( e . g . ,  

n=8-20)  of  imaging  dynodes  26a-26n.   Each  imaging  dynode  26a -26n  

c o n t a i n s   dynode  cones  28  with  a  dynode  t ip   30  and  a  dynode  base  3 2 .  

The  dynode  cones  28  of  each  imaging  dynode  26a-26n  are  c o n n e c t e d  

with  each  o the r   such  t h a t   t h e y  f o r m   f ree   c a v i t i e s   34  t h e r e b e t w e e n .  

At  l e a s t   each  dynode  cone  28  of  imaging  dynodes  26b-26n  comprises   a  

n e e d l e - s h a p e d   e x t r a c t i o n   po in t   36  a r ranged  at  the  cone  t ip   30.  I n  

the  embodiment  of  Fig.  1  (and  a lso  in  the  embodiments  of  Figs.   2 - 7 )  

the  dynodes  cones  28  of  the  f i r s t   imaging  dynode  26a  does  n o t  

comprise   n e e d l e - s h a p e d   e x t r a c t i o n   p o i n t s .   This  i s ,   however,  only  a 

ma t t e r   of  des ign .   I t   is   unde r s tood ,   t h a t ,   if   d e s i r e d ,   also  t h e s e  

cones  may  be  p rov ided   with  a  need l e - shaped   e x t r a c t i o n   p o i n t .  

F u r t h e r ,   accord ing   to  t h i s   i n v e n t i o n ,   the  imaging  dynodes  26a  to  27n 

4 are  a r ranged   in  a  symmetrical paciferm one  beneath  the  other   in  s t a g g e r e d  



p o s i t i o n s   such  tha t   the  cone  t ips   30  of  the  dynode  cones  28  of  one 
imaging  dynode  are  always  seated  beneath  the  free  c a v i t i e s   34  of  t h e  

p reced ing   imaging  dynode,  thereby  d i r e c t i n g   the  n e e d l e - s h a p e d  
e x t r a c t i o n   po in t s   36  c l o s e l y   to  the  c a v i t i e s   34.  In  the  embodiment 

of  Fig.  1  (and  also  in  the  embodiments  of  Figs.   2-7)  e ach  

n e e d l e - s h a p e d   e x t r a c t i o n   poin t   36  p r o t r u d e s   in to   a  f ree   cav i ty   34 .  

As  a l r eady   mentioned  be fo re ,   the  d e s c r i b e d   imaging  dynodes  

a r rangement   24  p rov ides   a  r e l a t i v e l y   high  e l e c t r i c   f i e l d   to  a i d  

secondary  e l e c t r o n   e x t r a c t i o n   from  one  imaging  dynode  to  the  n e x t  

one.  The  e l e c t r o n   t r a n s f e r   is  g r e a t l y   enhanced .  

For  the  vo l t age   supply  of  the  imaging  dynodes  26a-26n,  t h e  

pho toca thode   16  and  the  anode  20  (and  for  o ther   i n t e r n a l   p r o c e s s i n g  

e lements ,   if  d e s i r e d )   the  p h o t o m u l t i p l i e r   tube  10  comprises   l e a d  

c o n n e c t i o n s   38  and  40  ( e . g . ,   21-35  Kovar  Leads)  which  connect   t h e  

a fo remen t ioned   inner   e lements   with  an  outer   (not  shown)  v o l t a g e  

supply.   An  exhaust   t u b u l a t i o n   of  the  g lass   envelope  12  is  g e n e r a l l y  

d e s i g n a t e d   by  4 2 .  

In  p r a c t i c e ,   the  o u t s i d e   d iameter   of  the  p h o t o m u l t i p l i e r   tube  10  c a n  
r a n g e   up  to,  for   example,  8  i nches ;   f o r  a   p l a n a r   tube  w i n d o w .   T h e   d i a m e t e r  

c a n  b e   l a r g e r   for  curved  tube  w i n d o w s .  

As  i l l u s t r a t e d   in  Fig.  2,  a  c e r t a i n   number,  for  example  up  to  t w e l v e  

p h o t o m u l t i p l i e r   tubes   10,  can  be  mounted  on  the  pads  50  of  the  l i g h t  

conduc tor   52  of  a  s c i n t i l l a t i o n   c r y s t a l   54  of  a  c o n v e n t i o n a l   Anger 

s c i n t i l l a t i o n   gamma  camera  head  56.  By  t h i s   measure  the  t o t a l  

number  (37-75)  of  p h o t o m u l t i p l i e r   tubes  of  a  c o n v e n t i o n a l   Anger 

s c i n t i l l a t i o n   gamma  camera  can  be  reduced,   without   l o s ses   i n  

per formance .   Due  to  t h i s   the  camera  head  becomes  l ess   e x p e n s i v e .  

In  Fig.  2  the  housing  of  the  Anger  s c i n t i l l a t i o n   gamma  camera  head  

56  is  g e n e r a l l y   d e s i g n a t e d   by  58.  The  s c i n t i l l a t i o n   c y r s t a l   54  a l s o  



compr ises   an  aluminum  cover  60 .  

The  imaging  dynodes  a r rangement   24  according   to  th i s   inven t ion   can  
a lso   become  p o r t i o n   of  a  s i n g l e   tube  s c i n t i l l a t i o n   gamma  camera  70,  

as  i l l u s t r a t e d   for  example  in  Fig.  7 .  

The  s i n g l e   tube  s c i n t i l l a t i o n   gamma  camera  70  comprises  a  housing  72 

having  a  t h i n   s t a i n l e s s   input   window  74  for  gamma  rays.   Behind  t h e  

input   window  74  is  mounted  by  means  of  spot  welded  i n s u l a t o r   tabs  74  

a  s c i n t i l l a t i o n   c r y s t a l   78.  A  pho toca thode   80  is  evapora ted   on  t h e  

s c i n t i l l a t i o n   c r y s t a l   78  as  i n d i c a t e d   in  Fig.  7.  The  anode  i s  

g e n e r a l l y   d e s i g n a t e d   by  82.  The  photoca thode   80  comprises  a  lead  84 

for  v o l t a g e   supply .   The  l eads   86  are  de s igna t ed   for  vol tage  supp ly  

of .  imaging  dynodes  26a-26n  and  the  l eads   88  are  the  anode  leads  o f  

anode  8 2 .  

The  s i n g l e   tube  s c i n t i l l a t i o n   ganna  camera  70  may  again  compr i se  

be tween  3 -20   imaging  dynodes.   The  o v e r a l l   tube  d iameter   may  l i e   i n  

the  range  of  5  inches   to  25  inches .   The  dynodes  26a-26n  wi l l   be  

f a i r l y   r i g i d   with  the  formed  i n d e n t a t i o n s .   However,  on  l a r g e r  

d i a m e t e r s   ( e . g . ,  >   8  i nches )   a  s t i f f e n i n g   ring  (not  shown)  may  be 

needed  to  be  spo t -we lded   to  the  c i r c u m f e r e n c e .  

F igs .   3-6  i l l u s t r a t e   embodiments  of  dynodes  which  have  d i f f e r e n t  

cone  s h a p e s .  

The  dynodes  of  the  a r rangement   of  Fig.  3  equal  the  dynodes  26a-26n 

which  are  u t i l i z e d   in  the  p h o t o m u l t i p l i e r   tubes  of  Figs.   1 and  2  and 

in  the  s i n g l e   tube  s c i n t i l l a t i o n   camera  of  Fig.  7.  These  dynodes  

26a-26n  have  a  f l a t   area  90  as  cone  t ip   3 0 .  

In  the  a r rangement   of  Fig.  4  the  cones  28 'of   dynodes  26a ' -26n '   have 



cone  t ips   30  which  merge  under  a  f l a t t e r   angle  than  the  angle  of  t h e  

cone  s h e l l s .  

In  Fig.  5  the  cone  t i p s   30  of  cones  28"  of  the  dynodes  26a" -26n"  

merge  under  an  angle  which  is  the  same  as  tha t   one  of  the  cone  
s h e l l s .  

The  dynodes  can  be  made  from  CuBe,  Ni  ( l a t e r   Ag  p l a t ed )   or  o t h e r  

s u i t a b l e   vacuum  meta ls   on  which  a  secondary  emi t t i ng   sur face   can  be 

depos i t ed   or  a c t i v a t e d .   They  can  b e  f a b r i c a t e d   from  so l id   m a t e r i a l  

by  l a s e r   machining,   spark  d i s c h a r g e   machining,   or  even  d r i l l i n g .  
The  c a v i t i e s   can  also  be  made  by  chemical   e t ch ing .   An  a l t e r n a t i v e ,  
and  less   c o s t l y   f a b r i c a t i o n ,   uses  th in   sheet   formed  by  a  punch -and -  

p i e r c e   method.  

The  e x t r a c t i o n   p o i n t s   can  be  mechanica l   f i t t e d   in  small  holes .   They 
need  not  be  good  secondary  e m i t t e r s   as  they  wi l l   l i k e l y   n o t  

i n t e r c e p t   many  primary  e l e c t r o n s   owing  to  the  f i n i t e   a n g u l a r  

momentum  of  the  e l e c t r o n s   about  the  axis   of  the  po in t   and  t h e  

e n e r g e t i c   ( N  5eV  most  p robab le   emiss ion  energy)  of  the  s econda ry  

e l e c t r o n s   from  the  p reced ing   imaging  d y n o d e s .  

Having  thus  d e s c r i b e d   the  i n v e n t i o n   with  p a r t i c u l a r   r e f e r e n c e   to  t h e  

p r e f e r r e d   form  t h e r e o f ,   i t   wi l l   be  obvious  to  those  s k i l l e d   in  t h e  

ar t   to  which  the  i n v e n t i o n   p e r t a i n s ,   a f t e r   u n d e r s t a n d i n g   t h e  

i n v e n t i o n ,   tha t   v a r i o u s   changes  and  m o d i f i c a t i o n s   may  be  made 

t h e r e i n   wi thout   d e p a r t i n g   from  the  s p i r i t   and  scope  of  the  i n v e n t i o n  

as  def ined  by  the  c laims  appended  h e r e t o .  
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10  p h o t o m u l t i p l i e r   t u b e  

12  g l a s s   envelope  ( e . g . ,   Kovar  s e a l i n g   g lass   e n v e l o p e )  

14  o p t i c a l   window 

16  p h o t o c a t h o d e  

18  i n s u l a t o r   e l e m e n t s  

20  p o s i t i o n / c e n t r o i d - d e t e r m i n i n g   anode  

22  i n s u l a t o r   s t a c k i n g   e l e m e n t s  

24  imaging  dynodes  a r r a n g e m e n t  

26a-26n }  imaging  dynodes  

2 6 a ' - 2 6 n '  

2 6 a " - 2 6 n "  

2 8 , 2 8 ' , 2 8 "   dynode  c o n e s  

30  cone  t i p  

32  cone  b a s e  

34  f ree   c a v i t i e s  

36  n e e d l e - s h a p e d   e x t r a c t i o n   p o i n t  

38  lead  c o n n e c t i o n   ( e .g .   Kovar  Leads )  

40  lead  c o n n e c t i o n  

42  exhaus t   t u b u l a t i o n  

50  p a d s  

52  l i g h t   c o n d u c t o r  

54  s c i n t i l l a t i o n   c r y s t a l  

56  Anger  s c i n t i l l a t i o n   gamma  camera  h e a d  

58  h o u s i n g  

60  aluminum  c o v e r  

70  s i n g l e   tube  s c i n t i l l a t i o n   gamma  camera  

72  h o u s i n g  



74  input   window 

76  i n s u l a t i o n   t a b s  

78  s c i n t i l l a t i o n   c r y s t a l  

80  p h o t o c a t h o d e  

82  anode  

84  l e a d  

86  l e a d s  

88  l e a d s  

90  f l a t   a r e a  



1.  An  imaging  dynodes  a r rangement   for  an  e l e c t r o n   m u l t i p l i e r ,  

c o m p r i s i n g :  

a)  a  f i r s t   imaging  dynode  having  dynode  cones  with  a  cone  t i p  
and  a  cone  base,   sa id   dynode  cones  being  connected  with  e ach  

o the r   such  t h a t   they  form  f r ee   c a v i t i e s   t h e r e b e t w e e n ;  

b)  a  second  imaging  dynode  having  dynode  cones  with  a  cone  t i p  
and  a  cone  base,   sa id   dynode  cones  being  connected  with  e ach  

o the r   such  t h a t   they  form  f ree   c a v i t i e s   t he rebe tween ;   and  

c)  n e e d l e - s h a p e d   e x t r a c t i o n   p o i n t s   a r ranged   at  the  cone  t i p s  

of  at  l e a s t   the  dynode  cones  of  the  second  inaging  dynode;  

wherein  the  second  imaging  dynode  is  mounted  beneath  the  f i r s t  

imaging  dynode  in  a  s t a g g e r e d   p o s i t i o n   such  tha t   the  cone  t ips   o f  

the  dynode  cones  of  the  second  imaging  dynode  are  sea ted   beneath  t h e  

c a v i t i e s   of  t h e  f i r s t   imaging  dynode,  d i r e c t i n g   the  n e e d l e - s h a p e d  

e x t r a c t i o n   p o i n t s   c l o s e l y   to  the  c a v i t i e s .  

2.  The  dynodes  a r rangement   acco rd ing   to  claim  1,  wherein  t h e  

n e e d l e - s h a p e d   e x t r a c t i o n   p o i n t s   p ro t rude   in to   the  c a v i t i e s .  

3.  The  dynodes  a r rangement   accord ing   to  claim  1,  wherein  e ach  

dynode  cone  of  the  second  dynode  comprises   one  n e e d l e - s h a p e d  

e x t r a c t i o n   p o i n t .  

4.  The  dynodes  a r rangement   accord ing   to  claim  3,  wherein  each  cone  

t ip   compr ises   a  f l a t   area  and  wherein  the  c o r r e s p o n d i n g  



n e e d l e - s h a p e d   e x t r a c t i o n   poin t   is  p o s i t i o n e d   in  the  middle  of  t h e  

f l a t   a r e a .  

5.  The  dynodes  a r rangement   accord ing   to  claim  1,  comprising  an 

a d d i t i o n a l   number  of  imaging  dynodes,  each  having  dynode  cones  w i t h  

a  cone  t ip   and  a  cone  base  and  each  i n c o r p o r a t i n g   a  n e e d l e - s h a p e d  
e x t r a c t i o n   point   on  the  t ip   of  each  dynode  cone,  wherein  a l l  

a d d i t i o n a l   imaging  dynodes  are  a r ranged   in  a  s t ap l e   one  beneath  t h e  

o ther   and  beneath  the  second  dynode  in  s taggered   p o s i t i o n s   such  t h a t  

the  n e e d l e - s h a p e d   e x t r a c t i o n   po in t s   of  an  imaging  dynode  are  s e a t e d  

c l o s e l y   to  the  c a v i t i e s   of  the  p reced ing   imaging  dynode.  

6.  A  p h o t o m u l t i p l i e r   tube,   c o m p r i s i n g :  

a)  a  p h o t o c a t h o d e ;  

b)  an  anode;  and  

c)  an  imaging  dynodes  ar rangement   between  the  photocathode   and 

the  anode  i n c l u d i n g  

cl)  a  f i r s t   imaging  dynode  having  dynode  cones  with  a  cone  

t ip   and  a  cone  base,   said  dynode  cones  being  connected  w i t h  

each  o ther   such  tha t   they  form  free  c a v i t i e s   t h e r e b e t w e e n ;  

c2)  a  second  imaging  dynode  having  dynode  cones  with  a  

cone  t ip   and  a  cone  base,   said  dynode  cones  being  c o n n e c t e d  

with  each  o ther   such  tha t   they  form  free  c a v i t i e s  

t h e r e b e t w e e n ;   and  

c3)  n e e d l e - s h a p e d   e x t r a c t i o n   poin ts   ar ranged  at  the  cone 

t i p s   of  at  l e a s t   the  dynode  cones  of  the  second  imaging 

dynode ;  



wherein  the  second  inag ing   dynode  is  mounted  beneath  the  f i r s t  

imaging  dynode  in  a  s t a g g e r e d   p o s i t i o n   such  tha t   the  cone  t i p s  

of  the  dynode  cones  of  the  second  imaging  dynode  are  s e a t e d  

beneath  the  c a v i t i e s   of  the  f i r s t   imaging  dynode,  d i r e c t i n g   t h e  

n e e d l e - s h a p e d   e x t r a c t i o n   po in t s   c l o se ly   to  the  c a v i t i e s .  

7.  A  s c i n t i l l a t i o n   gamma  camera,  c o m p r i s i n g :  

a)  a  s c i n t i l l a t i o n   c r y s t a l ;  

b)  a  number  of  p h o t o m u l t i p l i e r   tubes  mounted  b e h i n d  t h e  

s c i n t i l l a t i o n   c r y s t a l ,   wherein  each  p h o t o m u l t i p l i e r   tube  hav ing  

bl)  a  p h o t o c a t h o d e ;  

b2)  an  anode;  and  

b3)  an  imaging  dynodes  a r rangement   between  t h e  

pho toca thode   and  the  anode  i n c l u d i n g  

b3l)  a  f i r s t   imaging  dynode  having  dynode  cones  w i t h  

a  cone  t ip   and  a  cone  base,   said  dynode  cones  b e i n g  

connected   with  each  o ther   such  t ha t   they  form  f r e e  

c a v i t i e s   t h e r e b e t w e e n ;  

b32)  a  second  imaging  dynode  having  dynode  cones  w i t h  

a  cone  t ip   and  a  cone  base,   said  dynode  cones  b e i n g  

connected   with  each  o ther   such  t h a t  t h e y   form  f r e e  

c a v i t i e s   t h e r e b e t w e e n ;   a n d  

b33)  n e e d l e - s h a p e d   e x t r a c t i o n   po in t s   ar ranged  at  t h e  

cone  t i p s   of  at  l e a s t   the  dynode  cones  of  the  second  

imaging  dynode ;  



wherein  the  second  imaging  dynode  is  mounted  beneath  the  f i r s t  

imaging  dynode  in  a  s t agge red   p o s i t i o n   such  tha t   the  cone  t i p s  
of  the  dynode  cones  of  the  second  imaging  dynode  are  s e a t e d  

beneath  the  c a v i t i e s   of  the  f i r s t   imaging  dynode  d i r e c t i n g   t h e  

n e e d l e - s h a p e d   e x t r a c t i o n   po in t s   c l o se ly   to  the  c a v i t i e s .  

8.  A  s i n g l e   tube  s c i n t i l l a t i o n   gamma  camera  c o m p r i s i n g :  

a)  a  s c i n t i l l a t i o n   c r y s t a l ;  

b)  a  pho toca thode   a s s o c i a t e d   with  the  s c i n t i l l a t i o n   c r y s t a l ;  

c)  an  anode;  and  

d)  an  imaging  dynodes  ar rangement   between  the  photoca thode   and 

the  anode  i n c l u d i n g  

dl)  a  f i r s t   imaging  dynode  having  dynode  cones  with  a  cone  

t ip   and  a  cone  base,  said  dynode  cones  being  connected  w i t h  

each  o ther   such  tha t   they  form  f ree   c a v i t i e s   t h e r e b e t w e e n ;  

d2)  a  second  imaging  dynode  having  dynode   cones  with  a 

cone  t ip   and  a  cone  base,  said  dynode  cones  being  c o n n e c t e d  

with  each  o the r   such  tha t   they  form  f ree   c a v i t i e s  

t h e r e b e t w e e n ;   and 

d3)  n e e d l e - s h a p e d   e x t r a c t i o n   po in t s   a r ranged  at  the  cone  

t i p s   of  at  l e a s t   the  dynode  cones  of  the  second  imaging 

dynode ;  

wherein  the  second  imaging  dynode  is  mounted  beneath  the  f i r s t  

imaging  dynode  in  a  s t agge red   p o s i t i o n   such  tha t   the  cone  t i p s  



of  the  dynode  cones  of  the  second  imaging  dynode  are  s e a t e d  

beneath  the  c a v i t i e s   of  the  f i r s t   imaging  dynode  d i r e c t i n g   t h e  

n e e d l e - s h a p e d   e x t r a c t i o n   po in t s   c lo se ly   to  the  c a v i t i e s .  
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